Results showed that the pressure difference between the Pacific and Indian Ocean did not significantly influence the total transport of the Indonesian throughflow. It appeared that this pressure head was essentially balanced by the resultant of pressure forces acting on the bottom (the bottom form stress). The purpose of this note is to report the results from the addition of a fourth port modeling the New Guinea Coastal Current inflow, and to provide a quantitative analysis of the momentum balance in the model domain.
Abstract. A high resolution, four-open port, non-linear, barotropic ocean model (2D POM) is used to analyze the Indonesian Seas circulation. Both local and overall momentum balances are studied. It is shown that geostrophy holds over most of the area and that the Pacific-Indian Ocean pressure difference is essentially balanced by the resultant of pressure forces acting on the bottom. Burnett et al. [2000] described the initial results from the operation of a high-resolution, three-open port, non-linear, barotropic version of the Princeton Ocean Model [Blumberg and Mellor 1987] over the Indonesian Seas area. Results showed that the pressure difference between the Pacific and Indian Ocean did not significantly influence the total transport of the Indonesian throughflow. It appeared that this pressure head was essentially balanced by the resultant of pressure forces acting on the bottom (the bottom form stress). The purpose of this note is to report the results from the addition of a fourth port modeling the New Guinea Coastal Current inflow, and to provide a quantitative analysis of the momentum balance in the model domain.
We incorporate four open ports to simulate the Mindanao Current (MC) inflow, the North Equatorial Countercurrent (NECC) outflow, the New Guinea Coastal Current (NGCC) inflow and the Indian Ocean (IO) outflow, see Fig. 1 . To set up a coordinate system we will direct the x-and y-axes along the southern and western boundaries of the domain, respectively. Table 1 provides information on the prescribed transports through the ports in the model domain covered by 250 × 250 grid cells at approximately 10 km resolution. In these simulations we do not consider the direct action of the wind stress.
Model specifics are provided in Burnett et al. [2000] . We perform two types of experiments. In the Type 1 experiment, the normal and tangential velocities at the ports are prescribed. For this study, we select transports from a boreal winter throughflow of 5 Sv, based on the results by Gordon and McClean [1999] . Miyama et al. [1995] and Fieux et al. [1996] provide historical and model observations of total transports of the Mindanao Current and Indian Ocean outflow respectively. Murray et al. [1995] provide observations of the New Guinea Coastal Current transport through the Vitiaz Strait, which are used in specifying the NGCC inflow. The North Equatorial Countercurrent balances the total inflow and outflow to ensure volume conservation within the model domain. The Type 1 experiment was run for a year, which is sufficient to reach a steady state. This experiment's steady state sea-surface elevations and velocities are used as boundary and initial-value conditions for the Type 2 experiment, where sea surface elevations and tangential velocities are specified at the open ports. Figure 2 compares the Type 1 experiment's Coriolis acceleration to the pressure gradient across the MC port to demonstrate the applicability of the geostrophic approximation (the results for other ports are similar). This comparison substantiates the argument that changing the sea surface elevation across the ports by a constant value should not modify the total transport through the ports.
To locate ageostrophic conditions in the Indonesian Seas area, we calculate the relative error in the fulfillment of the geostrophic relations at each grid point over the entire domain. The relative error for fU = −g∂η/∂y is given by:
where f is the Coriolis parameter, U is the x-component of the velocity vector, and η is the sea-surface elevation. Figure 1 shows the locations where the relative error (1) is greater than 0.1 indicating ageostrophic conditions. Ageostrophic conditions exist along the equator (where the Coriolis acceleration is absent) and along narrow straits (predominantly the Makassar Strait). Still, geostrophic conditions exist basically throughout the model domain. Similar results are obtained for the relation fV = g∂η/∂x, where V is the y-component of the velocity vector, however due to space limitations we do not present the corresponding figure here. For Type 2 experiments, the prescribed sea-surface elevations are increased (decreased) by a constant value of 2.5 mm at the north and east ports and decreased (increased) by a constant value of 4.5 mm at the western port. Note that in a barotropic model, a 1 mm increase in η corresponds approx- imately to a 1 cm increase in a baroclinic model. Similar to our previous experiments [Burnett et al. 2000] , perturbing η more than two times its original value caused a 5% − 7% variation in the transports through the north and east ports respectively.
The graphs in Figure 3 show separate terms in the xmomentum equation (the Coriolis acceleration, pressure gradient, horizontal momentum diffusion, advection of momentum, and bottom friction) for the cross sections through the Makassar Strait and the Malucca Sea (note locations on Fig. 1) . At the equator, horizontal momentum diffusion and, to an order of magnitude less the advection of momentum, balance the horizontal pressure gradient (the horizontal turbulent viscosity is equal to 500m 2 s −1 ). South of the equator the horizontal momentum diffusion and horizontal pressure gradient balance the Coriolis acceleration. We expect the horizontal momentum diffusion to influence the dynamical balance in the Makassar Strait since most of the passageway is rather narrow. Current meter and CTD station data obtained during the first week of the mooring record as part of the Indonesia-USA Arlindo Program corroborate these model results, as the calculated geostrophic currents exceeded the measured currents by a factor of four and shear by a factor of three.
Our observations are different in the Malucca Sea, where narrow straits do not restrict the flow pattern. Here, the horizontal momentum diffusion and advection of momentum assume a larger role in the dynamical balance while geostrophy is clearly applicable south of the equator. Bottom friction is not a dominant factor at either location. Advection of momentum is on the order of horizontal momentum diffusion in this region due to the western boundary current flowing along the western edge of the Malucca Sea into the Banda Sea. Table 2 provides an estimate of the overall momentum balance in the x-direction for the Type 1 and 2 experiments. First, we estimated the resultant of pressure forces acting on the side walls of the domain with all islands included. This is the domain integral of g[∂(Dη)/∂x], where D is the total depth, D = H + η, and H is the depth (given in Table 2 at the top of the table in 10 8 m 4 s −2 units). Second, we calculated the x-integrals of the separate terms in the x-momentum equation along four sections: D (south of IO port), C (between NGCC and IO ports), B (between NECC and NGCC ports), A (north of NECC port). As was expected from the above analysis, the contribution from the horizontal diffusion of momentum, momentum advection, and bottom friction appeared small and the section inte- Table 2 . The integrated Coriolis acceleration and pressure gradient terms in the x-momentum equation along four cross sections for the Type 1 experiment (prescribed normal velocities) and Type 2 experiments (perturbed sea surface elevations of +2.5mm (A) and -2.5 mm (B)). Refer to the text for the location of sections A, B, C, and D and units used. Table 2 respectively). The total transports through the Pacific ports are an order of magnitude higher than the total transport through the Indian Ocean port. This causes a loss of accuracy in calculating the section integral of fV D and correspondingly of gD(∂η/∂x) to the south of the NECC port. To the north of the NECC port these terms are calculated with a sufficient accuracy. As we see from Table 2 , the section integral of gD(∂η/∂x) in this region does not change significantly in experiments 1 and 2A,B. Therefore we argue that the same is true for the domain integral of gD(∂η/∂x). But Table 2 Thus, we have shown that 1) geostrophy is valid throughout most of the Indonesian Seas area and 2) the x-component of the resultant of pressure forces acting on the bottom (the bottom form stress) essentially balance the x-component of the resultant of pressure forces acting on the side boundaries. These results lend credence to our hypothesis that the pressure head between the Pacific and Indian Ocean does not significantly influence the Indonesian throughflow. Ageostrophic conditions, however, exist along individual straits and passages within the Indonesian Seas area, primarily along equatorial regions where the horizontal pressure gradient, horizontal momentum diffusion, and momentum advection are the dominant terms in the dynamical balance.
